USY Results
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Missing Energy at CDF
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lissing Energy providesthe classic R-parity conserving SUSY
gnature (R=(-1)%®*L*25) but appearsin many other phenomenologi
aradigms

1ET + 3jets(squarks,gluinos) , MET + c-tagged jets (scalar top)
1ET + b-tagged jets (scalar bottom,Higgs), MET + monojet (gravitil

raviton) MET + photons (gravitino)
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Backward
Muon System

DIl calorimeters
Il ragnet Yoke Tracking
B Steel walls Chambers

Salenoid

Low Beta Quads

INSTRUMENTAL SOURCES OF
MISSING ENERGY

MAIN RING

DETECTOR MALFUNCTIONS/NOISE
COSMICS

These are eliminated with a set of

timing and good jet quality
requireménts
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SELECTION

of 2517998 events

Number of events fail

B 1123734
Out-Time 506241
Stage 1 =Fr @ Out-Time 1625603

Total passing Stage 1

892395

of 892394 events

Number of Events Fail

1 central jet

372978

EEMF

24992

ECHF

091449

Total passing Stage 2

300945
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ENERGY + MULTIJET
MODEL COMPONENT

) + jets
W(® In) + jets
tt , single top
Diboson

QCD multljet




TLINE

SQUARKS|
GLUINOS

Comparison Data Blind Box

with Predictions/

Optimization ~
4

Missing Energy+
multijet channel
rch

Missing Energy+ Missing Energ
multijet Standard multijet CDI
Model reactions data

A W 4
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SQUAR)
GLUINI

Fermion<*Boson

rarchy problem”

ies the three gauge

=(-1)3CB-L+25  +71 (SM particles)

-1 SUSY particles

IT R-parity 1Is conserved
- sparticles are produced In pailrs
and eventually decay to the
_ightest
SUSY Particle (LSP)

- the LSP 1s stable and weakly
interacting

2 missing energy signature

_SP 1s a good candidate for dark matter
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N
W + 3 N jJets (N=2,3)

he Z/W + N jet predictio
to the Zee+ O 2 jet CDF
data using:

N DATA
- — to normali1ze the 3 jet
N+1
predictions using the 2 jet dat
MC
W _ .
(:E to normalize the W predictions

using the Z data
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top, diboson

ples Luminosity norm
retical cross sections
b

S =5.06pb +18

WSy,  =L7pb £ 17%

qﬁ . ) S rgr = 0-73pb + ¢
b . Syy = 95pb + 7%
w0 S s, = 26ph + 120

S,, =1lpb £ 20%
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t events for a very low
r (JET20) and a higher
r (JET50).

NO Missing Energy required- use the
10le Missing Energy spectrum.

Fold in the trigger efficiencies measured
the data.

Merge samples and compare kinematic
ieshapes between data and QCD
edictions.

Measure the prescale factors and
iminosity of the JET data samples used.
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HERWIG(2-t0o-2+CDF DETECTOR SIMULATION N= 3 Jets
JET RESQOLUTION SYSTEMATIC

] | | | |
10 4
10° |
102 E— jet resolution study 1
3 jet resolution study 2
10 3 1
-  —
o | | | | |
40 60 80 100 120 140

B (GeV)

BNL Particle Physics Seminar




HERWIG(2-t0-2)+CDF DETECTOR SIMULATION N= 3 Jets
JET RESQLUTION 5% STEMATIC

1.25 T | T | T I T | I | T I
- E ¢ (resolution study 1)/E hominal
K (resolution stady 2)/F, nominal
1.2 —
1.15
1.1 —
1.05
1
095
0.9
40 S0 o0 70 &0 90 100
Er (GeV)

BNL Particle Physics Seminar



Requirement

Number af Events passing

Pre-Selection and
Bad Run veto

®6728, (I)

ij,ﬁ > [mnﬂ TEr> 1o GE‘V)

107309, (1I)

Fiduciality
ficducial 2nd.3rd jet
2-D dd

27011
ARH]

BOX data removed

Er(1)>70GeV
Er(2)>30GeV
ng(Lor 2or §) <11

6435, (11)

EMF(1), EMF(2)< 0.9
L2 trigger

6013
4679

5951111}1 E 03

2737
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I.SEL1+SEL2, ILNjet=3, IILE{1)=70 GeV, E{2)=30 GeV, boxed data removed




Description EWK | QCD | Al
>0 HT0NES 0 [ 139 [ 626 [ 202447 [ 10
B >T0H<0N®=0 | 23 | 626 | 86£45 | 12
35<r <O Hp>BON®=01 1.9 | 1346 | 13652278 | 13
Fr STOHIONSS 0 [ 173 0 | 173203 | 2
35<By <T0 Hy> TN 0] 1395 | 939 | 2834557 | 2
35<k <T0H<10N®=0] 49 | 413.16 | 418.1:688 | 41
35<hy <T0Hy<I0NGE> 0| 33 [ 817 | 314102 | 3
Fr >TOHT0NS=0 | 353 [ 4069 [ 16022128 ?

W<k <T0Hp<l50 | 82 | 413 | 495270 | 4
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“The BOX”

The Box: SM Expected 761
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he BOX"”

SM EXxpected 7641

Found
IN data

BNL Particle Physics Seminar



Events/(5 GeV)
- o

[
o

Events/(8 GeV)
= _ =

[a—
=

1
—

I

200

100

E; Leading jet (GeV)

150

200

BOX”

Events/bin

[
=

[
=

Events/(20 GeV)

CDF PRELIMINARY |L=84 pb™ Vs=1.8 TeV
EOX. M Prediction=70, Data=74

200 400

H, (GeV)

600




HJ&‘ gther BOXes”

A/D SUSY boxes:
SM Expected 3377
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BOXes”

SUSY boxes:
xpected 3377
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HJ&‘ gther BOXes”

SUSY box B
SM Expected 3.7£0.5

BNL Particle Physics Seminar



BOXes”

SY box B
ected 3.7~0.5
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HJ&‘ gther BOXes”

SUSY box C:
SM EXxpected 10.6#1
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BOXes”

box C:
Xpected 10.6+#1
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Box | MET,HT | Expected | Observed | Nosgcrz.
A | 90160 |32T£67] 31 177
B | 110230 | 37405 | 5 74
C | 110170 | 10641 | 14 119
D | 90,160 |327+67 31 173
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Relative Uncertainty
ignal Acceptance

ind |
% <PDFs > 6.0 |do| b0 | 4|
% maz(Radiation) | 125| 6 | 3 | 4 | 3
4
3

GmazlQh) | 65 |65 55|55
% <JET> 45 |35 6 | 6
% Trigger )

% MC stat.
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Ical Implications/Discussic

rticles are too heavy
requires fine tuning and
e hierarchy problem reappears.
How much fine tuning is tolerable
determines how probable low energy
supersymmetry is and how soon It
will be discovered.

It has been recently pointed out
(Bastero-Gil et al./ Dimopoulos et
al.) that the electroweak scale
looks more natural If M; Is
relatively small.
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al Implications/Discussic

2M5 - 0.24M3 +0.014M% +

'he required cancellation is easier if the
jfluino mass is not so big.

2
M; 3 300® 7.2I2\/I3 3 80

Ivlz
Ith gaugino mass unification
1:M,:M3::0.5:1:3.3
1e result of this analysis as well as the
P result on the chargino M,<90 GeV make
Interesting to drop gaugino unification anc
ow lower gluino mass.

BNL Particle Physics Seminar




al Implications/Discussic
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iIdate Event

HC . PAD 2910784 16:18:30 19-A0G-00 E4275 Evt 545690  BOXC.PAD 2410ved 16:18:30 19-AUG-L

= 122.8 GeV

.= 219.4 Deg TEE: ETEM/ETTOT/ORG/NTH/PIAIS E transverse Eta-Phi LBGO Plot

L= 3E5.6 GeV Maz cower E= 56.6 Min towesr E= 1. 00 W cluster
o DT METS: Etotal = 581.4 @eV, Et (zcalar)= 266.&

Etimiss)= 122.8 at Phi= 219.4 Deqg.

sterz:ETHAT CLUSTERING
71 Cong-gize=7, Min Tower Et=7
iz Ur Et Fhi Eta DEta #Tow EM/Et Trks

b
¥
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IS periodic then
dimension

-rom our dimensions of view the KK
nodes get mass:

KK moment

n2 N 4 tower of st
2 — mg + R
R* 3
R
2
R
1
p R
0




re compactifid down to si
auss’s Law

2 d 2+d
M Planck R M Pl (4+d)

The Planck Scale
from our dimension
of view, 101°GeV



extra?rgl nsiop
esional Planck scale to mgyy

101°GeV

317

R~2X09 cm
=1 b R ~ 10 ° Km

= 2 P R ~ 1mm

=3 p R ~1nm

=6,/ P R ~ 10 fm



hep-ph/9811337/ Mirabelli,Perelstein,Pesk

B FE E FE B F 7 3
-, -5 = % =]
— = =
3
s - Additional cross section |
o [ expected from G escaping in™|

o the extra (a) n=2,M=750 GeV-]

— - b (b) n=6,M=610 dimensions. —

T2 =
B L —SM
-D 1 (-

0 c a0

O £ 50 Fis 100 125 150

11
i 1 (GeV)

The monojet+Missing Energy result from CDF 88-89 can put thefollowing
constrains:

a. n=2, M=750 GeV R<0.11 cm M>750GeV
b. n=6, M=610 GeV R<5.8x1012 M>610GeV

An observation of an excess of Missing Energy events
above the SM expectation can provide a direct evidence
for this class of models.
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picture

confined on a 4d wall

ISts In a 4+d “bulk”

els week on the wall
because of the enormity of
the bulk volume

—_+ Each KK-graviton state couples
to the wall with Planck suppressed
strength

A

V™ The number of KK-states ~(ER)

__ T'hesum over all KK-states Is
not Mg, suppressed but Mp 4.4
suppressed I1.e. Mg« Suppressed

SO0 we have'siadslecsenoss sections



- - _

raviton emission,exchange

haat

Tiky) A9z Tilkg KK Epf':iqz:l
fiik,] fq,0 fiik a%;:q,;

(2 (b

T. Hean, J. Lykken, R-J Zhang, hep-ph /0811350
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WINII Display

Event: 6 Run:1 EventType: 1

Only qgbar->g G (PYTHIA 6.115 + graviton
process), d=6, M=1TeV, =2TeV, GEANT CDF
preliminary
RUNII simulation and display
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